JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org.
PRELIMINARY EXPERIMENTS IN THE PHYSIOL-OGY AND PSYCHOLOGY OF READING.
By EDMUND B. HUEY, Fellow in Psychology, Clark University.
The present article is a report of experiments preliminary to a study of the Psychology of Reading, the general purpose of the study being to learn as far as may be just what occurs physiologically and psychically, in reading a printed page.
A series of experiments was first undertaken to decide the comparative merits of printing in columns of the ordinary width and in very narrow columns, with the belief that the speed-tests, etc., taken in this side problem, would be valuable and, especially, suggestive for the larger study yet to be made.
I. COMPARISON OF SPEED IN VERTICAL AND IN HORIZON-TAL READING.
It would seem that in reading matter printed in sufficiently narrow columns the eye's lateral movement might be eliminated or nearly so, and the reading be done with one downward sweep of the eye. Among the advantages to be expected from such reading might be mentioned (i) the very great decrease in the work of the oculo-motor muscles; (2) the elimination of the asymmetrical change in accommodation, which Javal (Rev. Scientifique, 1879,) mentions as one of the main causes of fatigue in reading ordinary lines; (3) whatever advantage may be incident to having within the range of clear vision as much as possible of immediately related matter; (4) facilitation of the process of skimming.
I have confined myself to a comparison of speed, and have made the narrow columns contain but one word to the line, i. e., having the center of each word just over the center of the next succeeding word. Experiment A. There were printed on a Remington typewriter 15 lists of 50 words each in nonsense-arrangement, even similarity of first and last parts of words being avoided, and no two alike, in vertical column; and each list was also printed in ordinary horizontal fashion, but in reverse order of words, the lines being made a little shorter than the length of the columns, the type and other conditions similar in horizontal and in vertical lists. The first list contained only words of two letters; the second, words of three letters, etc., to and including a list of i6-letter words. A list of 50 letters of the alphabet, in nonsense-arrangement, was added, with its reversed form as with the word-lists.
As the typewriter gave the same space to each letter regardless of the letter's form, all the words of a list were of equal length and both margins were straight.
The lists were read aloud by the subjects as fast as possible. The time was taken with a stop-watch marking fifths of second nominally, though tenths could be read from it. The readings were made as follows: The list of two-letter words would be read, e. g., first in the horizontal arrangement, then in vertical; then in vertical again, then in horizontal; then horizontal of the 3-letter list would be read, and a similar order would follow. Care was taken to arrange the order of tests so as to eliminate the errors due to practice, etc.
There were thus two comparisons (two horizontal readings and two vertical readings) for each of the I6 lists. The four subjects tested are members of this University as are the subjects serving in other tests presently to be mentioned.
The results may be found in Table I . It is interesting to observe that while the shorter words are read more rapidly in horizontal sequence, the longer are read more rapidly in vertical. Though the mean variations are large, the relation is so frequently repeated that it seems not wholly accidental.
Experiment B, I. In this test the subjects read aloud as fast as possible a sense passage of 300 words, divided into 6 parts of 50 words each. The whole passage was printed in both horizontal and vertical arrangement. The lines of the horizontal arrangement were about two-thirds the length of the vertically printed columns.
Owing to the great difficulty of printing or type-writing words with centers in a vertical line, as half spaces would be needed for words of an odd number of letters, the arranging in vertical columns was done by hand, the words being cut from an exact duplicate of the horizontal copy used in the experiment and pasted on a background of white paper, the columns being placed as close to each other as the length of the longest words would allow. One reading of the passage was then taken, fifty words at a time, the first fifty being read vertically, second 50 horizontally, third vertically, and so throughout. Some days later, a second reading was taken, the parts read in vertical arrangement at the first reading being now read horizontally, and vice versa. The results for three subjects are as follows: The arrangement in vertical columns was as in the preceding experiment. After some days the reading was repeated, the order being reversed. Results for four subjects follow in Table III . In all these tests with words making sense the advantage is with the horizontal reading, but it is well to remember that the vertically arranged matter of all the sense-passages had been pasted on the page word by word; and in spite of all care the page presented an appearance more or less different from that of a neatly printed one. The distraction of attention incident to this, and to the vertical arrangement in general, would seem to be greater in silent reading, when no sound of the voice was present to help guide the attention and make visual distractions relatively unimportant. The smallness of the gain in speed in silent reading by the vertical method may be due to this, at least in part.
The enormous amount of practice in horizontal reading, which all subjects have had, must of course be taken into account in any such comparison. Subjects say they can easily read straight down with one downward sweep of the eye; but that they forget and use the old side-to-side method, taking, of course, more time with such short lines.
Then again, it is probable that the subject may have a greatest possible speed by one method and a greatest normal speed, or speed of comfortable and intelligent reading, by quite another.
Miscellaneous Observations. The readings furnished data of considerable interest aside from the immediate purposes of this comparison.
Rate for words of different length, for instance, in Table I A five-fold increase in length of words (3-letter to 15-letter lists) causes only a three-fold (I5: 44.9) increase in time; this, too, though the long words were much less familiar. Single letters are seen to take almost as much time as short words, as already observed by Cattell.
Effect of Practice. In Table V below is shown the time of first and eighth readings of some of the 5o-word nonsense-lists. The first and eighth readings were by the ordinary horizontal method. Between these were four readings in reverse arrangement and only two in the direct, owing to the peculiar conditions of the experiment. It would seem, then, that the practice in word-order was negative, if anything; and that the increase in speed was due to increasing familiarity with the words themselves.
The test taken on myself, subject "Hu," indicates that there is a point beyond which further familiarity with the words does not very appreciably increase the speed. In arranging the lists and in the experiments I had become very familiar with every word; and this no doubt accounts for the constancy of speed. Reading of Sense and Nonsense Matter. The speed in reading aloud was found to be closely correlated with the " sense " made, as might have been expected. Sense-passages were read in little more than half the time taken for nonsense-passages having an equal number of letters. There seems to be a camaraderie, as Egger calls it, among our words, and even among our phrases and sentences; and pronunciation of an adjective, for example, seems to subexcite association tracts representing substantives; -preferably and more strongly the substantives with which the particular adjective has been most often associated. Of these subexcited substantive tracts, some are still more excited by closer association with the general subject under discussion in the matter read. The right word, then, is ready to leap out at the slightest suggestion from the printed page, if that passage makes sense. If, however, it does not make sense ;-if a preposition, e. g., follows the adjective, the utterance of the former must suffer a loss of time due to lack of association in the past between adjectives and prepositionsthere is no sub-excitation, to speak in physiological terms, of the organs for pronunciation of the preposition. Indeed, there is more than that; there is an interference of associations such as Bergstrom investigated in his card dealing experiment. 1 So in certain positions the substantive tends to arouse verbs, the preposition its related object, etc.l
II. COMPARISON OF THE IMPORTANCE FOR WORD RECOGNI-TION OF THE FIRST AND LAST PARTS OF WORDS.
A passage of sense-reading containing 456 words was printed in ordinary fashion, making a page of 43 lines, with considerable paragraphing. Each page thus honey-combed, was fastened closely upon a white paper background. The page was then marked off into four divisions. Two readings were taken, separated by several days. The subjects read the entire passage at each sitting. At the first reading, e. g., the subject would read the first division of the passage, with the first half removed ; then the second division with the latter half removed, and so alternating. At the second reading he would read the first division with the latter half removed, then the second division with first half removed, and so reversing the order throughout. The passage used had not been read by the subjects previous to the experimental reading. The subjects were directed to read as fast as they could consistently with making as good sense as possible, but not to feel that they "had to hurry." They read aloud, the experimenter following the reading on a duplicate copy, and marking the words read correctly. The time spent on each division was taken with the stop-watch, the subject giving a signal when he reached the end of a division, never returning to correct mistakes. The first division contained I63 words, the second I25, the third iI, the fourth 57. Below are the results for three subjects: Among the factors that co-operate in this result may be mentioned (I) the tendency of English to place the accent on the first part of the word, the accented part tending to represent the word, at least the spoken word; (2) the preponderance of suffixes over prefixes, the main root of the word being in the first part, thus rendering the first part more important, It seems probable also that the time-order in ordinary interassociation of syllables and other divisions of words has much to do with the difference shown. This time-order has almost always been from the first toward the latter part; and, as has been shown by various experiments, associations do not work nearly so well in reverse time-order.
III. MOVEMENTS OF THE EYE IN READING.
By watching the eyes of subjects while reading matter such as a page of this JOURNAL, I found that I could always tell them, at the end of a passage, just how many lines they had read, despite their subjective notions that their eyes did not sweep along each line. By having the subject read aloud and noting the syllable pronounced just as the eye turned for the return sweep, I found that I could get the approximate distance of the eye ahead of the pronunciation, for at least one point in the line.
Besides, the most casual observation -showed that the eye moved along the line by little jerks and not with a continuous steady movement.. I tried to record these jerks by direct observation, but finally decided that my simple reaction to sight stimuli was not qnick enough to keep up with them when the subject read at normal speed.
It seemed needful to have an accurate record of these movements; and it seemed impossible to get such record without a direct attachment of recording apparatus to the eye-ball. As I could then find no account of this having been done, I arranged apparatus for the purpose and have so far succeeded in taking I8 tracings of the eye's movements in reading as many passages consisting of from 9 to 30 lines each, in different sizes of type and with lines varying in length from 2I mm. to I20 mm.
The apparatus consists essentially of (i) a frame for fixation of the head, fastened between iron standards which are clamped to a heavy table; (2) of a light recording arrangement, resting on the top of one of the standards, connecting by a light celloidin-covered glass lever with a cup capping the cornea, and writing its record on the smoked drum of a kymograph by means of a celloidin-tipped tubular glass pointer, (below is a somewhat simplified horizontal plan of the arrangement for recording); (3) of an electric time-marker wired to a clock marking quarter-seconds, and writing its record on the drum just opposite the record of eye-movements; (4) of a holder for the reading matter, arranged to slide on a track bearing a scale of distances measured from the front of the cornea.
I I [
A permanent fixation of the head with reference to the recording apparatus and reading matter is obtained by having the subject bite into a mass of partially cooled sealing-wax attached to a mouth-piece fastened in the head frame; the imprint of the teeth being preserved when the wax hardens.
The cups used for attachment to the cornea were made by casting plaster-of-Paris over either a carnelian marble or a steel ball having a radius of curvature a very little less than that of the cornea. The outer surface of the cups was sand-papered until quite thin and light and a hole was drilled through the center, of a diameter of 1.7 mm. The cup has been placed on the left eye, in experiments thus far.
As may be seen from the diagram above, there was no weight on the eye but that of the cup and short lever directly attached to it; and the work of the eye-muscles needed to run the recording-apparatus is almost imperceptible in actual reading.
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The eyelids are kept separated and the subject prevented from winking by lead fingers fastened to the head frame and pressing sufficiently upon the skin above and below the eye.
The eye was rendered anaesthetic by the use of cocaine. Beyond the dilation of the pupil (corrected by the cup acting as a diaphragm), and an occasional interference with accommodation, the normal action of the eye seemed to be in no way interfered with.
In beginning each test the eye was fixated on the left end of the first printed line, or of two or more parallel ink lines drawn above this. When the kymograph had attained its proper speed, at a signal from the assistant, the eye was moved along the line and fixated on the other end, then back, and so on, back and forth for from two to five lines before the reading began. This was done to furnish known bases for comparison with the later curves. The curves show no interruption from end to end, until the reading begins. Then, however, the curve is not only always interrupted by the eye's several fixations, but is always shorter than the curve representing the lines whose ends were fixated, showing that the eye does not travel the entire length of the line in reading.
In some of the tests the ends of the last two lines were fixated also, and probably this will be found most convenient for purposes of measurement. By reading the same matter at different distances from the eye, the number of jerks was shown to be a function of the matter read rather than of the arc described by the eye's rotation.
A The tests show at a glance that the lateral movement decreases much faster than does the length of the lines and that at 21 mm. the reading may be done without lateral movement, though this is still apt to occur, probably from habit.
By the help of the quarter-second record written on the margin of the paper, it is possible to measure approximately the time during which the eye remains fixated at each point, but the unit is too large for getting the speed with which it moves from one fixation point to another.' The latter point is espe-1A promising attempt has been made to measure this by means of the spark method of time recording.
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cially interesting, as it would seem from the curves that the speed may be so great that the retinal impressions fuse and that we really do not see foveally what we read except at the few points on the ordinary line at which the eye pauses. These experiments are as yet incomplete; and the data which they furnish cannot be arranged in time for this report.
For the suggestion of making a direct attachment to the eyeball, I am indebted to Dr. August Ahrens' who reports making a firm attachment of an ivory cup, but failed to record the movements. I am told that cups of glass have also been attached, in ophthalmological practice. I am also indebted to Prof. Delabarre for the suggestion of plaster-of-Paris as a most convenient material, and this has been used thus far, ivory cups being rather troublesome to make, while the plaster-of-Paris is easily workable.
No trouble was experienced in getting the cup to stick for as long as was desired, when the lids were kept well separated; indeed, it was somewhat difficult to remove it on several occasions. The experiments have so far been made on but two subjects -Prof. Hodge and myself. I am especially indebted to Prof. Hodge, as it has been difficult to get subjects; partly from an exaggerated notion of the danger to the eye, partly from the defective vision of those who were otherwise available.
